The synthesis of a new fluorinated bis-silalkylene polysiloxane is achieved in three steps: hydrosilylation of a vinylchlorosilane by a fluorinated dihydrosilane, hydrolysis of the subsequent bis-chlorosilane and pol^condensation of the bis-silanol issued from hydrolysis. All the products are identified by I.R., H, F and * Si NMR spectroscopy. The thermal properties of this new kind of fluorosilicone are evaluated by Differential Scanning Calorimetry (DSC) and by Thermogravimetric analysis (TGA) and they are compared to other previously prepared fluorosilicones. The new polymer is comparable to the classical poly trifluoropropylmethylsiloxane but it is much less thermostable than our previous hybrid fluorosilicones.
Introduction
It is noteworthy that fluorosilicones are interesting products in terms of chemical and thermal stabilities and of good surface properties"*. But classical polysiloxanes -[Si(R,)(R 2 )0] n -are subject to chain-scission in acidic or basic media or even at high temperature' 2 '. So, a new class of polysiloxanes, sil-alkylene-polysiloxanes or hybrid silicones -[Si(R,)(R 2 )-R-Si(R|)(R 2 )0] n -had been investigated and were shown to exhibit better thermal properties, at high temperature, than the classical polysiloxanes' 1 '. However, their glass transition temperature T g had increased, as these silalkylene-polysiloxanes have lost some flexibility compared to the classical -(SiO)"-chain.
We have previously studied hybrid fluorinated homopolymers -[SiCCH^-RrSKCH^O],,-' 41 and -[Si(CH,)(R' F ) -R F -Si(CH s )(R' F )0] n -where R R = C 2 H 4 (CH 2 ) X QF 12 (CH 2 ) X C 2 H 4 and χ = 0 or 1, and R'P = C 2 H 4 C n F 2n+1 with Η = 1, 4, 6, and we have described their syntheses and discussed their thermal properties. We also have investigated the synthesis and thermal properties of various random or alternating copolymers with hybrid fluorosilicone and classical fluorosilicone parts (6) . Recently, several patents have been issued about new fluorinated silalkylene-siloxanes' 7 ' which are shown to exhibit a high resistance to chain-scission by acid or alkali, but nothing was said about their thermal properties.
We are interested in investigating the synthesis and the thermal properties of one of these products, a bis-silalkylene-polysiloxane -[Si(R 1 ) 2 -R-Si(R 1 )(R F )-R-Si(Ri) 2 0] n -, to compare it to previously described hybrid fluorosilicones.
Results and discussion
The synthesis of the new bis-silalkylene-polysiloxane 5 was achieved in three steps, according to scheme 1: firstly, hydrosilylation of vinyldimethylchlorosilane 1 by 5H,5H,6H,6H-perfluorohexylmethyldichlorosilane 2 in the presence of hexachloroplatinic acid H 2 PtCl 6 as the catalyst, secondly, hydrolysis of the subsequent α,ω-bis-chlorosilane 3 and finally polycondensation of the α,ω-bis-hydroxysilane 4 issued from hydrolysis. The hydrosilylation step was performed at 60°C during four hours and the bis-chlorosilane 3 was obtained in very ^ood yield (95%). It was identified by its I.R. spectrum where no v(Si-H) stretching band around 2120 cm was present while a v(Si-Cl) band was observed at 475 cm , and by its H, F and " Si NMR spectra. In Ή NMR, no vinyl protons were observed, but different signals were observed: at 0.03 ppm and at 0.4 ppm respectively for the methyl protons adjacent to SiC 2 H 4 C 4 F 9 and to SiCl, a multiplet from 0.4 to 0.92 ppm for the three methylene groups adjacent to the central silicon atom, a multiplet from 0.92 to 1.3 for the two methylene groups adjacent to SiCl and a multiplet from 1.78 to 2.32 for CH 2 The hydrolysis of bis-chlorosilane 3 was performed for 19 hours in refluxing diethylether in the presence of sodium hydrogenocarbonate NaHCO, and α,ω-Bis-hydroxysilane 4, containing only traces of oligomers , was obtained quantitatively. In contrast to Kobayashi (7M , who did not give details about his hydrolysis conditions, we did not observe any cyclic products. Compound 4 was, again, identified by its I.R. and its 'H, i9 F and 29 Si NMR spectra. Its I.R. spectrum exhibited a weak and sharp v(Si-OH) band at 3650 cm' 1 and a large band centered at 3395 cm"' for bonded Si-OH. Its 'H NMR spectrum exhibited a singlet at -0.02 ppm for the central CH,Si, a singlet at + 0.05 ppm for the four CH,SiO, a multiplet from 0.25 to 0.6 ppm for the three CH 2 adjacent to the central Si atom, a multiplet from 0.6 to 1.1 ppm for the two CHjSiO and a multiplet from 1.8 to 2.2 for CH 2 C 4 F 9 . Its
19
F NMR spectrum was similar to that of compound 3. In 29 Si NMR, the signal at +32.8 ppm for SiCl had disappeared and was replaced by a singlet at +5.94 ppm for SiOH, while a signal at +7.6 ppm for SiC 2 H 4 C 4 F 9 was still present. This α,ω-bis-hydroxysilane 4 was polycondensed in refluxing toluene, in the presence of a complex of tetramethylguanidine/trifluoroacetic acid (TMG/CF,C0 2 H), for 19 hours, and polymer 5 was obtained quantitatively. In I.R., only a trace of v(Si-OH) was present. Its 'H and 19 F NMR spectra were identical to those of compound 4 and in 29 Si NMR, a signal at +8.05 ppm was observed for SiOSi, while the signal at +7.6 for SiC 2 H 4 C 4 F 9 ppm was still present, and a very small signal at +5.94 for SiOH could be observed. This polymer was analyzed by Size Exclusion Chromatography (SEC) and an average molecular weight M n = 20 000 was observed ( using polystyrene standards). It was also analyzed by Differential Scanning Calorimetry (DSC) where a glass transition temperature T g = -65°C was measured and no crystallization and melting temperatures (T c and T m ) were observed. This value is reported in Table 1 together with the data for various other hybrid homopolymers prepared by us (4115) , and those of the classical polytrifluoropropylmethylsiloxane (PTFPMS) . From these DSC data, we can deduce that the performances of the new poly bis-silalkylene-siloxane 5 are similar to those of PTFPMS and better than those of the previous hybrid homopolymers prepared by us (4)<5) (gain of -12 to -23°C Polymer 5 was analyzed by thermogravimetric analysis (TGA) in order to evaluate its thermal properties at high temperature, under nitrogen or in air. The temperatures for 50% weight loss, T. J0% , are reported in Table 1 together with those of the hybrid homopolymers previously prepared by us and of PTFPMS. The comparison of these data shows that the new poly silalkylene-siloxane 5 exhibits a thermal stability at high temperature rather comparable to that of the classical PTFPMS, but, like PTFPMS, it is much less stable than our previous hybrid fluorosilicones <4)<5> , especially in air where the loss is more than 100°C.
So, applications of this new kind of fluorinated polysiloxanes will not be in the field of thermostable elastomers, like the hybrid fluorosilicones that we previously prepared -[Si(CH 3 ) 2 
n -" however they may be used as low surface energy coatings for the protection of textile, leather, stone ...etc.
Experimental
IR spectra were recorded on a Nicolet 51 OP FTIR spectrometer. NMR spectra, in CDC1 3 solutions, were recorded on Bruker WP200 or WH250 spectrometers with TMS as the reference for 'H and 29 Si NMR and CFC1, as the reference for l9 F NMR. DSC analyses were performed from a Perkin Elmer DSC 4 apparatus equipped with a TADS microcomputer and calibrated with indium and with n-decane. A heating rate of 10°C/min was used. TGA analyses were performed on a TGA 51 Instruments Thermal Analyst 2000 apparatus. A heating rate of 5°C/min was used. SEC was performed on a Spectra Physics
